Objective: Fetuses from different populations may show different growth patterns. In obstetrics, fetal abdominal circumference (AC) is a very useful index for assessing fetal growth. In this study, we attempted to establish the normal fetal growth curves of AC in an Asian population in South Taiwan.
Introduction
Among the common fetal growth parameters, such as abdominal circumference (AC), biparietal diameter and femur length, AC is the most sensitive single indicator of restricted or accelerated fetal growth [1] [2] [3] . To date, many reports have presented reference ranges for AC versus gestational age (GA) from various populations, especially Caucasian populations in Western countries [1, [4] [5] [6] [7] [8] [9] [10] . Fetuses from different populations may show different growth patterns, and fetal AC values are different in previous reports [1, [4] [5] [6] [7] [8] [9] [10] . Moreover, no fetal AC values in Taiwanese have been officially reported in the medical literature. In this series, we attempted to investigate whether the fetal AC values in Taiwanese are different from those in the Western populations [1, [4] [5] [6] [7] 9] . In addition, we also established a GA-specific nomogram of Taiwanese fetal AC for clinical reference.
Initially, 53,723 records were included for calculation of mean and standard deviation (SD) values for each specific gestational week ( Figure 1 ). Then, we excluded the extreme bilateral records, which were larger or smaller than the mean ± 1.66 SD. Finally, 50,131 records of AC were included for final analysis.
All examinations were performed using conventional ultrasound scanners with a 3.5-MHz real-time abdominal probe, including equipments manufactured by Aloka (Tokyo, Japan), Medison-Kretz (Zipf, Austria), and Toshiba (Tokyo, Japan). The ultrasound measurements followed a previous method reported by Tamura et al [1] . The anteroposterior (AD1) and transverse (AD2) diameters were measured, and AC was calculated from the formula: 3.14 × (AD1 + AD2)/2. The mean and SD values of AC for each gestational week were calculated. Using GA as the independent variable and AC as the dependent variable, the linear regression analysis and the polynomial regression analysis (up to the fourth order) were undertaken to find the best-fit regression equations for predicted values and age-related variances [4] . In addition, we used the best-fit polynomial regression equations of GA versus AC to establish a GA-specific nomogram for clinical use. Results Table 1 presents the sample size and the observed values of the mean and SD of AC for each GA in the initial 53,723 data and in the final 50,131 eligible data. Using GA as the independent variable and AC as the dependent variable, we underwent the polynomial regression analysis up to the fourth order. The result showed that the second-order polynomial regression was the best-fit polynomial regression equation: AC = −0.0653 GA 2 + 13.368 GA − 90.932 (R 2 = 0.9983). The best-fit equation for SD was: SD = −0.0028 GA 2 + 0.5326 GA + 1.9693. We used the second-order polynomial regression to calculate the predicted values and established a table and a figure of predicted values for further clinical reference ( Table 2 and Figure 2 ).
To compare our AC data with other previous series in the medical literature, Tables 3-5 and Figures 3-5 are listed to show the comparisons and depict the trends of 5 th , 50 th and 95 th centiles in our population and in the other populations from previous reports.
Discussion
Several cross-sectional and longitudinal studies have documented racial variations in fetal growth [9, 11] . Previous studies involving one Korean population have found that biometric parameters, including fetal AC, in the Korean population during pregnancy were smaller than those in Caucasian populations [10] . When compared with the 5 th percentile measurements, our predictive values were similar to other references (Table 4 and Figure 3 ). For the 50 th percentile measurements, our predictive values were similar to other series from 14 to 32 weeks and smaller than the Western series after 33 weeks ( Table 3 and Figure 4 ). However, for the 95 th percentile measurements, the difference appeared as early as 30 weeks (Table 5 and Figure 5 ). Given the above comparison, there seems to be a trend that our fetuses had smaller AC in the third trimester, especially for the upper limits at the 95 th centile. Although there were some differences in AC centiles among these references, there is, in fact, no appropriate statistical method to examine whether there is a significant difference between our report and other reports. Future Figure 2 . The gestational age-specific nomogram of fetal abdominal circumference. international collaborative studies are warranted to confirm whether there is a significant difference in AC between our population and those of other reports.
To the best of our knowledge, the data presented in our AC nomogram is based on the largest sample size reported in the medical literature. There is a trend that recent reports have larger and larger sample sizes than previous reports ( Table 4 ). The larger and larger sample sizes indicate the attempt of investigators to avoid type II error in statistics, i.e. insufficient sample size. However, [1] et al [5] et al [4] et al [6] et al [7] et al [9] of this report it is not an easy task to undertake a clinical study with a sample size of more than 50,000 records. In this series, we endeavored to establish our computer database of fetal AC records between 1991 and 2006, i.e. a study period of 16 years. With standardized operation procedure and computerized digital data management, we have taken great effort during the 16 years to collect the data. Eventually, 50,131 records of AC which fit the criteria were included for final analysis. With our sample size which is believed to be the largest in the medical literature, our AC data should be a good representation of fetal AC in Taiwanese.
In conclusion, our study provides new reference equations, tables and figures of fetal AC in an Asian population in South Taiwan. These novel reference equations, tables and figures of fetal AC should be very useful in the screening, diagnosis and management of fetal abnormal growth, such as fetal growth restriction, large-for-gestational-age, macrosomia, in prenatal care. We are now undergoing a clinical study to test the efficacy of fetal AC in screening fetal abnormal growth using the fetal AC references from this report. We will report our results in the near future. 
